Household Disposable Income and Long-Term Survival After Cardiac Surgery A Swedish Nationwide Cohort Study in 100,534 Patients by Dalén, Magnus et al.
Listen to this manuscript’s
audio summary by
JACC Editor-in-Chief
Dr. Valentin Fuster.
J O U R N A L O F T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y V O L . 6 6 , N O . 1 7 , 2 0 1 5
ª 2 0 1 5 B Y T H E A M E R I C A N C O L L E G E O F C A R D I O L O G Y F O U ND A T I O N I S S N 0 7 3 5 - 1 0 9 7 / $ 3 6 . 0 0
P U B L I S H E D B Y E L S E V I E R I N C . h t t p : / / d x . d o i . o r g / 1 0 . 1 0 1 6 / j . j a c c . 2 0 1 5 . 0 8 . 0 3 6Household Disposable Income and
Long-Term Survival After Cardiac Surgery
A Swedish Nationwide Cohort Study in 100,534 PatientsMagnus Dalén, MD,*y Torbjörn Ivert, MD, PHD,*y Martin J. Holzmann, MD, PHD,zx Ulrik Sartipy, MD, PHD*yABSTRACTFro
yD
Ka
Sw
Fu
rel
MaBACKGROUND Lower socioeconomic groups face higher mortality risk, possibly due to a higher burden of cardio-
vascular risk factors. The independent association between income and survival following cardiac surgery is not known.
OBJECTIVES This study sought to investigate the association between household disposable income and long-term
mortality after cardiac surgery.
METHODS In a Swedish nationwide population-based analysis, we included all patients who underwent cardiac surgery
between 1999 and 2012 using a large national registry. Information regarding income, education, marital status, medical
history, and cardiovascular risk factors was obtained from data managed by the National Board of Health and Welfare and
Statistics Sweden. The adjusted risk for all-cause mortality was estimated using Cox regression by quintiles of household
disposable income.
RESULTS We included 100,534 patients and, during a mean follow-up of 7.3 years, 29,176 (29%) patients died. There
was a stepwise inverse association between household disposable income and all-cause mortality: the adjusted hazard
ratio was 0.93 (95% conﬁdence interval [CI]: 0.89 to 0.96), 0.87 (95% CI: 0.84 to 0.91), 0.78 (95% CI: 0.75 to 0.82),
and 0.71 (95% CI: 0.67 to 0.75), for the second, third, fourth, and ﬁfth income quintiles, respectively, compared to the
ﬁrst (and lowest) income quintile. The inverse association between income and mortality was consistent through the
study period and in selected subgroups, although it was slightly attenuated in older patients.
CONCLUSIONS We found a strong inverse association between income and mortality following cardiac surgery in
Sweden that was independent of other socioeconomic status variables, comorbidities, and cardiovascular risk proﬁle.
Ways to better implement secondary prevention measures should be explored in low-income patient groups.
(HeAlth-data Register sTudies of Risk and Outcomes in Cardiac Surgery [HARTROCS]; NCT02276950)
(J Am Coll Cardiol 2015;66:1888–97) © 2015 by the American College of Cardiology Foundation.T here is a well-known association betweenlow socioeconomic status (SES) and higherrisk for cardiovascular disease (CVD) and
all-cause mortality (1–3). It remains uncertain exactly
how this association is mediated, although it may
partly be explained by the inverse relationship
between SES and prevalence of classic cardiovascular
risk factors (1); lower socioeconomic groups experi-
ence a clustering of multiple risk factors (4).m the *Department of Cardiothoracic Surgery and Anesthesiology, K
epartment of Molecular Medicine and Surgery, Karolinska Institutet, Stock
rolinska University Hospital, Stockholm, Sweden; and the xDepartment of
eden. This study was supported by grants from the Swedish Society of Me
nds to Drs. Holzmann and Sartipy, and the Mats Kleberg Foundation to Dr.
ationships relevant to the contents of this paper to disclose.
nuscript received May 12, 2015; revised manuscript received August 9, 20SES also has been associated with differences in
access to and quality of care (1,2,5–7). In countries
without universal health care coverage, insurance
status highly correlates with SES. Therefore, it is of
interest to examine the relationship between SES and
mortality in a population with universal tax-ﬁnanced
health care independent of individual SES (8).
Despite this, most studies demonstrating an associa-
tion between SES and mortality have been conductedarolinska University Hospital, Stockholm, Sweden;
holm, Sweden; zDepartment of Emergency Medicine,
Internal Medicine, Karolinska Institutet, Stockholm,
dicine and the Karolinska Institutet Foundations and
Sartipy. The authors have reported that they have no
15, accepted August 17, 2015.
AB BR EV I A T I O N S
AND ACRONYM S
CABG = coronary artery bypass
grafting
CI = conﬁdence interval
CVD = cardiovascular disease
HR = hazard ratio
SES = socioeconomic status
J A C C V O L . 6 6 , N O . 1 7 , 2 0 1 5 Dalén et al.
O C T O B E R 2 7 , 2 0 1 5 : 1 8 8 8 – 9 7 Income and Survival After Cardiac Surgery
1889in populations without universal tax-ﬁnanced health
care (5,6,9). Furthermore, very few studies have
examined the association between SES and mortality
in patients undergoing cardiac surgery (4,9–11).
We performed a nationwide population-based
cohort study to determine whether SES measured by
household disposable income was associated with
mortality in all adult patients who underwent cardiac
surgery in Sweden during a 14-year period.
METHODS
This was a nationwide population-based observa-
tional cohort study that was approved by the regional
Human Research Ethics Committee in Stockholm,
Sweden.SEE PAGE 1898We identiﬁed all patients in the country who un-
derwent cardiac surgery using the SWEDEHEART
(Swedish Web-system for Enhancement and Devel-
opment of Evidence-based care in Heart disease
Evaluated According to Recommended Therapies)
registry, which records details on patient back-
ground and surgical procedures for all patients un-
dergoing cardiac surgery in Sweden since 1992. The
registry has proved to have a high validity and
completeness (12–14). Using unique personal identity
numbers, assigned to all residents (15), information
from SWEDEHEART was linked with data from
several other nationwide health care registries as
previously described (16). The Cause of Death Reg-
ister was used to ascertain dates and cause of death,
the National Patient Register (17) was used to
determine previous relevant medical history, and
the LISA (Longitudinal integration database for
health insurance and labor market studies) database
(18), managed by Statistics Sweden, a government
agency, was used to obtain details regarding educa-
tional level, country of birth, and marital status.
Record linkages were performed by the Swedish
National Board of Health and Welfare. The Interna-
tional Classiﬁcation of Diseases codes used for
extraction of concurrent important medical condi-
tions are listed in Online Table 1 and codes used for
deﬁnition of cardiovascular death are listed in
Online Table 2. Level of education was categorized
as <10 years, 10 to 12 years, and >12 years. Marital
status was categorized as married, not married,
divorced, and widowed.
HOUSEHOLD DISPOSABLE INCOME. Using the LISA
database, we acquired information regarding house-
hold disposable income in all patients from 1999 to
2012. The LISA database contains individual- andfamily-level data regarding demographics,
education, employment, and income, in-
cluding that from salaries and beneﬁts from
social welfare. The LISA database is updated
annually with new information for the past
year. The personal identity number is the
unique identiﬁer in the LISA database, mak-
ing it possible to link individual-level data
with other national health care registries. The
household disposable income in LISA is calculated as
the sum of all taxable and tax-free income minus ﬁnal
tax and other negative transfers. Taxable income
consists of total earned income (the sum of income
from services and business income) and capital in-
come. Tax-free income consists of housing and child
beneﬁt, student aid including student loans, ﬁnancial
aid, and introductory beneﬁts for refugees. Negative
transfers consist of repayment of student loans and
paid alimony. We calculated the household dispos-
able income as the mean of all yearly household
disposable income ﬁgures registered for each patient
until, and including, the calendar year of surgery.
STATISTICAL ANALYSES. The household disposable
income was categorized according to quintiles from
lowest to highest income. Each quintile represents
20%, or one-ﬁfth, of all patients. Quintiles of
household disposable income were set across all
study years. Baseline characteristics were described
with frequencies and percentages for categorical
variables and mean  SD for continuous variables,
by quintile of income. The primary outcome mea-
sure was death from any cause. Person-time in
days was counted from the date of surgery until the
date of death or the end of follow-up (March 24,
2014). The crude incidence rates and 95% conﬁ-
dence intervals (CIs) were calculated and the
Kaplan-Meier method was used to calculate cumu-
lative survival. We used Cox proportional hazards
regression with and without multivariable adjust-
ment to model survival. The association between
quintiles of household disposable income and all-
cause mortality was estimated by hazard ratios
(HRs) and 95% CI. The multivariable Cox model
included all variables listed in Table 1 and was
stratiﬁed by calendar year of surgery and hospital.
Patient age was modeled using restricted cubic
splines and all other variables were included as
categorical terms. The association between income
and all-cause mortality was also investigated in
selected subgroups.
Missing data (educational level [5%], left ventric-
ular ejection fraction [32%], renal function [11%],
urgency of the procedure [32%], and body mass index
[12%]), were handled using multiple imputation by
TABLE 1 Baseline Characteristics
All Patients
(N ¼ 100,534)
Household Disposable Income by Quintile
Q1 (Lowest)
(n ¼ 20,107)
Q2
(n ¼ 20,116)
Q3
(n ¼ 20,099)
Q4
(n ¼ 20,106)
Q5 (Highest)
(n ¼ 20,106)
Age, yrs 66.69  10.92 69.27  11.17 69.13  10.76 67.98  10.44 64.68  10.41 62.38  10.04
Sex
Male 73,500 (73) 11,268 (56) 14,110 (70) 15,138 (75) 16,138 (80) 16,846 (84)
Female 27,034 (27) 8,839 (44) 6,006 (30) 4,961 (25) 3,968 (20) 3,260 (16)
Birth region
Nordic countries 92,282 (92) 17,613 (88) 18,514 (92) 18,654 (93) 18,646 (93) 18,855 (94)
Other 8,252 (8) 2,494 (12) 1,602 (8) 1,445 (7) 1,460 (7) 1,251 (6)
Education
<10 yrs 42,091 (44) 10,422 (59) 10,004 (54) 9,286 (48) 7,581 (38) 4,798 (24)
10–12 yrs 36,168 (38) 5,887 (34) 6,618 (36) 7,439 (38) 8,376 (42) 7,848 (40)
>12 yrs 16,731 (18) 1,245 (7) 1,893 (10) 2,637 (14) 3,767 (19) 7,189 (36)
Marital status
Married 64,376 (64) 3,417 (17) 11,416 (57) 15,259 (76) 16,810 (84) 17,474 (87)
Not married 13,104 (13) 4,880 (24) 3,123 (16) 1,959 (10) 1,602 (8) 1,540 (8)
Divorced 14,684 (15) 6,587 (33) 3,825 (19) 2,088 (10) 1,304 (6) 880 (4)
Widowed 8,370 (8) 5,223 (26) 1,752 (9) 793 (4) 390 (2) 212 (1)
Body mass index, kg/m2 26.89  4.17 26.91  4.47 26.83  4.23 26.92  4.13 26.96  4.04 26.81  3.93
Diabetes mellitus 20,108 (20) 4,536 (23) 4,284 (21) 4,165 (21) 3,823 (19) 3,300 (16)
Hypertension 30,791 (31) 6,147 (31) 6,116 (30) 6,184 (31) 6,224 (31) 6,120 (30)
Hyperlipidemia 18,419 (18) 3,391 (17) 3,510 (17) 3,666 (18) 3,971 (20) 3,881 (19)
Peripheral vascular disease 9,826 (10) 2,081 (10) 2,164 (11) 2,032 (10) 1,916 (10) 1,633 (8)
eGFR, ml/min/1.73 m2
>60 66,413 (74) 11,351 (65) 12,109 (69) 12,935 (72) 14,441 (79) 15,577 (84)
45–60 15,532 (17) 3,892 (22) 3,603 (20) 3,407 (19) 2,594 (14) 2,036 (11)
30–45 5,789 (6) 1,736 (10) 1,412 (8) 1,187 (7) 859 (5) 595 (3)
15–30 1,193 (1) 337 (2) 315 (2) 245 (1) 158 (1) 138 (1)
<15* 920 (1) 218 (1) 181 (1) 165 (1) 183 (1) 173 (1)
Chronic pulmonary disease 6,796 (7) 1,748 (9) 1,508 (7) 1,434 (7) 1,158 (6) 948 (5)
Prior myocardial infarction 39,489 (39) 8,610 (43) 8,598 (43) 8,018 (40) 7,519 (37) 6,744 (34)
Prior PCI 11,798 (12) 2,070 (10) 2,203 (11) 2,362 (12) 2,565 (13) 2,598 (13)
Heart failure 16,008 (16) 4,165 (21) 3,552 (18) 3,207 (16) 2,691 (13) 2,393 (12)
Left ventricular ejection fraction, %
>50 47,257 (69) 7,576 (64) 8,309 (66) 9,261 (68) 10,253 (71) 11,858 (74)
30–50 17,162 (25) 3,434 (29) 3,495 (28) 3,541 (26) 3,390 (24) 3,302 (21)
<30 3,989 (6) 897 (8) 765 (6) 773 (6) 773 (5) 781 (5)
Stroke 8,632 (9) 1,965 (10) 1,939 (10) 1,767 (9) 1,596 (8) 1,365 (7)
Atrial ﬁbrillation 12,580 (13) 2,661 (13) 2,595 (13) 2,590 (13) 2,409 (12) 2,325 (12)
Cancer 6,035 (6) 1,197 (6) 1,260 (6) 1,322 (7) 1,177 (6) 1,079 (5)
Alcohol dependency 1,956 (2) 788 (4) 398 (2) 320 (2) 239 (1) 211 (1)
Emergent operation 4,399 (6) 808 (7) 785 (6) 791 (6) 905 (6) 1,110 (7)
Procedure
Isolated CABG 63,456 (63) 12,504 (62) 13,058 (65) 13,010 (65) 12,887 (64) 11,997 (60)
Isolated valve 12,465 (12) 2,630 (13) 2,396 (12) 2,425 (12) 2,337 (12) 2,677 (13)
Valve þ CABG 15,696 (16) 3,500 (17) 3,167 (16) 3,129 (16) 2,944 (15) 2,956 (15)
Other 8,917 (9) 1,473 (7) 1,495 (7) 1,535 (8) 1,938 (10) 2,476 (12)
Values are mean  SD or n (%). *Includes patients on pre-operative dialysis.
CABG ¼ coronary artery bypass grafting; eGFR ¼ estimated glomerular ﬁltration rate; PCI ¼ percutaneous coronary intervention; Q ¼ quintile.
Dalén et al. J A C C V O L . 6 6 , N O . 1 7 , 2 0 1 5
Income and Survival After Cardiac Surgery O C T O B E R 2 7 , 2 0 1 5 : 1 8 8 8 – 9 7
1890chained equations (19). The imputation models
included all variables in Table 1, and also the event
indicator and the Nelson-Aalen estimator of the
cumulative baseline hazard (20). Ten datasets were
imputed and estimates from these datasets werecombined according to Rubin’s rules. A complete-
case analysis showed similar results as the main
analysis of the imputed dataset.
Data management and statistical analyses were
performed using Stata version 14.0 (StataCorp LP,
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1891College Station, Texas) and R version 3.2.0 (R Foun-
dation for Statistical Computing, Vienna, Austria).
RESULTS
From the SWEDEHEART registry, we extracted data on
all patients who had undergone coronary artery bypass
graft (CABG) surgery, valve repair/replacement sur-
gery, or a combination of both, from 1999 until 2012.
Patient characteristics according to categories of
household disposable income are presented in Table 1.
The distribution of household disposable income in
the total study population and selected subgroups is
shown in Online Figures 1 and 2, respectively. A total of
100,534 patients with a mean age of 67 years were
included, 27% of whom were women. Each quintile
consisted of 20,099 to 20,116 patients. Patients with
lower household disposable income were more likely
to be older, female, and have chronic kidney disease,
diabetes mellitus, chronic obstructive pulmonary dis-
ease, previous acute myocardial infarction, reduced
left ventricular ejection fraction, heart failure, and
previous stroke in comparison with patients with
higher household disposable income. Fewer patients
in the lower household disposable income quintiles
had previously undergone percutaneous coronary
intervention. Furthermore, patients with lower
household disposable income had a lower educational
level and were more likely to be born in a non-NordicCENTRAL ILLUSTRATION Household Income and Surviva
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In the unadjusted Kaplan-Meier estimated survival in 100,534 patients
along with income according to quintiles (Q) of household disposable inc
are seen in event rates for all-cause mortality after 15 years of follow-ucountry, less likely to be married, more likely to be
divorced or widowed, and more likely to have an
alcohol dependency.
FOLLOW-UP AND MORTALITY. During a mean
follow-up time of 7.3  4.1 years (median 7.1 years;
732,553 person-years), 29% of patients (29,176 of
100,534) died: 43% (8,645 of 20,107) in quintile 1
(lowest household disposable income); 38% (7,598 of
20,116) in quintile 2; 30% (5,974 of 20,099) in quintile
3; 20% (4,113 of 20,106) in quintile 4; and 14% (2,846
of 20,106) in quintile 5. The unadjusted Kaplan-Meier
estimated survival according to category of house-
hold disposable income is shown in the Central
Illustration. After 1 year of surgery, survival was
93%, 94%, 95%, 96%, and 97%, in household dispos-
able income quintiles 1 to 5, respectively. The corre-
sponding ﬁgures after 5 years were 80%, 83%, 85%,
89%, and 91%, respectively. There was a stepwise
inverse association between household disposable
income and death in the crude, age-adjusted, and
multivariable-adjusted analyses (Table 2) after
5 years, 10 years, and 15 years of follow-up, respec-
tively. After multivariable adjustment for all variables
reported in Table 1, the HR for death was 0.71 (95% CI:
0.67 to 0.75) in the highest compared with the lowest
household disposable income quintile after 15 years
of follow-up. The multivariable adjusted association
between income as a continuous variable modeledl After Cardiac Surgery
Q1 (Lowest)                                       8,643/148,320                      58 (57-60)
Q2                                                        7,595/150,222                       51 (49-52)
Q3                                                        5,972/148,390                      40 (39-41)
Q4                                                        4,112/149,260                        28 (39-41)
Q5 (Highest)                                       2,846/136,270                       21 (20-22)
B
Household Disposable          Events/Person-Years       Incidence Rate 
              Income                                                                      per 1,000
                                                                                             Person-Years 
                                                                                                 (95% CI)
             
who underwent cardiac surgery in Sweden from 1999 to 2012 (A), survival rose
ome (with Q5 representing the highest quintile). The same inequalities by quintile
p (B). CI ¼ conﬁdence interval.
TABLE 2 All-Cause Mortality
Household
Disposable Income
(Quintiles)
Number of Deaths/
Person-Years
Incidence Rate
per 1,000 Person-Years
(95% CI)
Crude HR
(95% CI)
Age-Adjusted HR
(95% CI)
Multivariable-Adjusted HR*
(95% CI)
30-day follow-up
Q1 (lowest)† 707/1,611 439 (408–472) 1.00 1.00 1.00
Q2 612/1,617 378 (350–410) 0.85 (0.77–0.95) 0.87 (0.78–0.97) 0.94 (0.83–1.07)
Q3 547/1,620 338 (311–367) 0.75 (0.67–0.84) 0.82 (0.73–0.92) 0.93 (0.81–1.07)
Q4 411/1,627 253 (229–278) 0.55 (0.49–0.63) 0.69 (0.61–0.78) 0.82 (0.70–0.95)
Q5 (highest) 335/1,631 205 (185–229) 0.44 (0.38–0.50) 0.60 (0.52–0.69) 0.73 (0.62–0.88)
5-yr follow-up
Q1 (lowest)† 3,821/84,376 45 (44–47) 1.00 1.00 1.00
Q2 3,246/85,553 38 (37–39) 0.83 (0.80–0.87) 0.85 (0.81–0.89) 0.90 (0.85–0.95)
Q3 2,738/85,415 32 (31–33) 0.70 (0.66–0.73) 0.77 (0.73–0.81) 0.85 (0.80–0.90)
Q4 2,012/85,999 23 (22–24) 0.50 (0.48–0.53) 0.66 (0.62–0.70) 0.78 (0.73–0.83)
Q5 (highest) 1,535/83,520 18 (17–19) 0.39 (0.36–0.41) 0.57 (0.53–0.61) 0.70 (0.65–0.76)
10-yr follow-up
Q1 (lowest)† 7,265/133,961 54 (53–55) 1.00 1.00 1.00
Q2 6,264/135,830 46 (45–47) 0.85 (0.82–0.88) 0.87 (0.84–0.90) 0.91 (0.88–0.95)
Q3 5,066/133,971 38 (37–39) 0.69 (0.67–0.72) 0.79 (0.76–0.82) 0.87 (0.83–0.91)
Q4 3,485/134,660 26 (25–27) 0.47 (0.45–0.49) 0.67 (0.64–0.70) 0.77 (0.74–0.82)
Q5 (highest) 2,471/125,066 20 (19–21) 0.36 (0.34–0.37) 0.58 (0.55–0.61) 0.70 (0.66–0.74)
15-yr follow-up
Q1 (lowest)† 8,643/148,320 58 (57–60) 1.00 1.00 1.00
Q2 7,595/150,222 51 (49–52) 0.87 (0.84–0.89) 0.89 (0.86–0.92) 0.93 (0.89–0.96)
Q3 5,972/148,390 40 (39–41) 0.69 (0.66–0.71) 0.79 (0.77–0.82) 0.87 (0.84–0.91)
Q4 4,112/149,260 28 (27–28) 0.47 (0.45–0.49) 0.68 (0.65–0.70) 0.78 (0.75–0.82)
Q5 (highest) 2,846/136,270 21 (20–22) 0.36 (0.34–0.37) 0.59 (0.56–0.61) 0.71 (0.67–0.75)
15-yr follow-up conditional on
30 days’ survival
Q1 (lowest)† 7,930/148,302 53 (52–55) 1.00 1.00 1.00
Q2 6,971/150,206 46 (45–48) 0.87 (0.84–0.90) 0.89 (0.86–0.92) 0.92 (0.89–0.96)
Q3 5,421/148,374 37 (36–38) 0.68 (0.66–0.70) 0.79 (0.77–0.82) 0.86 (0.83–0.90)
Q4 3,695/149,246 25 (24–26) 0.46 (0.44–0.48) 0.68 (0.65–0.70) 0.78 (0.74–0.82)
Q5 (highest) 2,509/136,263 18 (18–19) 0.35 (0.33–0.37) 0.59 (0.56–0.61) 0.71 (0.67–0.75)
*Model included all variables reported in Table 1. †Reference category.
HR ¼ hazard ratio; CI ¼ conﬁdence interval; Q ¼ quintile.
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after 5, 10, and 15 years of follow-up is shown in
Figure 1.
Thirty days after surgery, all-cause mortality was
3.5%, 3.1%, 2.7%, 2.1%, and 1.7% in household
disposable income quintiles 1 to 5, respectively
(Table 2). There was a stepwise inverse association
between household disposable income quintile and
30-day mortality in the crude, age-adjusted, and
multivariable-adjusted analyses. After multivariable
adjustment for all variables reported in Table 1, the
HR for death was 0.73 (95% CI: 0.62 to 0.88) in the
highest compared with the lowest household dispos-
able income quintile.
The association between household disposable
income and early mortality was similar to the asso-
ciation between household disposable income and
long-term mortality (Table 2). After exclusion ofpatients who died within 30 days of surgery, the
relationship between income and mortality was
similar compared with the total population (Table 2).
The inverse association between household
disposable income and mortality was consistent in
selected subgroups divided by age, sex, educational
level, marital status, type of procedure, and year of
surgery (Figure 2), although this association was
somewhat attenuated in older patients and in pa-
tients who were married.
Information regarding cause of death was available
for the subset of patients who died before January 1,
2013. The association between household disposable
income and mortality was stronger for cardiovascular
death than noncardiovascular death (HR: 0.53; 95%
CI: 0.49 to 0.57 vs. HR: 0.64; 95% CI: 0.60 to 0.69 in
the highest compared with the lowest household
disposable income quintile), as shown in Table 3.
FIGURE 1 Association Between Income and Mortality at Follow-Up
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A consistent association between household disposable income and all-cause mortality in patients who underwent cardiac surgery in Sweden
from 1999 to 2012 is seen at 5, 10, and 15 years of follow-up. The household disposable income was modeled with restricted cubic splines with
4 knots in a Cox regression model, and the reference level was set at 60,000 SEK to estimate hazard ratios. The smallest 1% and the largest 1%
of household disposable income values were excluded in this graph for presentational purposes. Solid orange line ¼ adjusted hazard ratio;
dashed blue lines ¼ 95% conﬁdence interval. SEK ¼ Swedish krona.
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Our results demonstrated that lower SES measured
by household disposable income was associated
with increased early and long-term mortality after
cardiac surgery, an association that persisted after
adjustment for cardiovascular risk factors and other
factors. Patients with lower household disposable
income had a higher prevalence of cardiovascular risk
factors and a different pattern regarding educational
level, civil status, and birth region compared topatients in higher income groups. The association
between household disposable income and mortality
was consistent in subgroups divided by age, sex,
educational level, marital status, type of procedure,
and year of surgery.
The association between low SES and higher risk
for CVD and all-cause mortality is well established
(1–3). It is, however, still uncertain how this associa-
tion is mediated. As there is an inverse relationship
between SES and cardiovascular risk factors (1), it has
been suggested that the association between SES and
FIGURE 2 Association Between Income and Mortality by Subgroups
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Age ≤ 68 yrs
Q1 (lowest)
Q2
Q3
Q4
Q5
2153/62733
1652/63306
1796/75291
1781/101939
1481/105403
Age > 68 yrs
Q1 (lowest)
Q2
Q3
Q4
Q5
6492/85606
5946/86938
4178/73119
2332/47335
1365/30883
Men
Q1 (lowest)
Q2
Q3
Q4
Q5
Women
4699/83737
5472/106904
4624/113306
3294/121826
2371/115109
Q1 (lowest)
Q2
Q3
Q4
Q5
Married
3946/64602
2126/43340
1350/35104
819/27448
475/21177
Q1 (lowest)
Q2
Q3
Q4
Q5
1393/25727
5263/87814
5044/115048
3613/126583
2541/120396
Other
Q1 (lowest)
Q2
Q3
Q4
Q5
7252/122612
2335/62430
930/33363
500/22691
305/15890
Isolated CABG
Q1 (lowest)
Q2
Q3
Q4
Q5
Other
5088/99166
4879/104847
3726/104055
2446/103642
1609/88508
Q1 (lowest)
Q2
Q3
Q4
Q5
Education < 10 yrs
3557/49173
2719/45397
2248/44355
1667/45632
1237/47777
Q1 (lowest)
Q2
Q3
Q4
Q5
4326/80128
3637/77917
2699/69081
1519/56330
736/32559
Education 10–12 yrs
Q1 (lowest)
Q2
Q3
Q4
Q5
1966/45050
1969/50325
1944/55885
1512/62432
993/52761
Education > 12 yrs
Q1 (lowest)
Q2
Q3
Q4
Q5
326/9494
521/14273
647/20016
768/28504
892/49540
Year of surgery
1999 – 2002
Q1 (lowest)
Q2
Q3
Q4
Q5
2003 – 2007
4964/82247
4281/78738
2945/71261
1851/67169
1185/50316
Q1 (lowest)
Q2
Q3
Q4
Q5
2008 – 2012
2921/51526
2632/54903
2283/56833
1588/58171
1077/55049
Q1 (lowest)
Q2
Q3
Q4
Q5
0.5
760/14565
685/16603
746/20316
674/23934
584/30921
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
0.6 0.8 1.0 1.2
Hazard Ratio (95% CI)
The inverse association between quintiles (Q) of household disposable income and all-cause mortality is seen in selected subgroups of patients. Q1, the
lowest income category, served as the reference category. CABG ¼ coronary artery bypass grafting; CI ¼ conﬁdence interval; PY ¼ person-years.
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(21). Other authors have claimed that the association
between SES and clinical outcomes can be due to SES-
related differences in access to and quality of healthcare (1,2,5–7). Our study extends the ﬁndings from
previous investigations regarding the role of risk
factor proﬁle and health care availability and quality
in the relationship between SES and mortality.
TABLE 3 Cardiovascular and Noncardiovascular Mortality
Household
Disposable Income
(Quintiles) Deaths/Person-Years
Incidence Rate
per 1000 Person-Years
(95% CI)
Crude HR
(95% CI)
Age-Adjusted HR
(95% CI)
Multivariable-Adjusted HR*
(95% CI)
Cardiovascular mortality
Q1 (lowest)† 4,041/133,678 30 (29–31) 1.00 1.00 1.00
Q2 3,383/134,283 25 (24–26) 0.83 (0.80–0.87) 0.85 (0.82–0.89) 0.92 (0.87–0.97)
Q3 2,528/130,574 19 (19–20) 0.64 (0.61–0.67) 0.74 (0.70–0.78) 0.85 (0.80–0.90)
Q4 1,738/129,275 13 (13–14) 0.44 (0.41–0.46) 0.63 (0.60–0.67) 0.78 (0.73–0.84)
Q5 (highest) 1,150/114,856 10 (9.5–11) 0.32 (0.30–0.35) 0.53 (0.49–0.57) 0.69 (0.63–0.75)
Noncardiovascular mortality
Q1 (lowest)† 3,742/133,678 28 (27–29) 1.00 1.00 1.00
Q2 3,353/134,283 25 (24–26) 0.89 (0.85–0.93) 0.91 (0.87–0.96) 0.94 (0.89–0.99)
Q3 2,744/130,574 21 (20–22) 0.74 (0.71–0.78) 0.86 (0.81–0.90) 0.91 (0.86–0.97)
Q4 1,846/129,275 14 (14–15) 0.50 (0.47–0.53) 0.71 (0.67–0.75) 0.79 (0.74–0.85)
Q5 (highest) 1,335/114,856 12 (11–12) 0.40 (0.38–0.43) 0.64 (0.60–0.69) 0.74 (0.68–0.80)
*Model included all variables reported in Table 1. †Reference category.
Abbreviations as in Table 2.
J A C C V O L . 6 6 , N O . 1 7 , 2 0 1 5 Dalén et al.
O C T O B E R 2 7 , 2 0 1 5 : 1 8 8 8 – 9 7 Income and Survival After Cardiac Surgery
1895The study population was well characterized
regarding risk proﬁle and included information about
well-established cardiovascular risk factors and rele-
vant socioeconomic variables. Household disposable
income still added clinically valuable information
regarding early and long-term prognosis after
adjusting for baseline risk factors. Our ﬁndings sug-
gest that the association between low household
disposable income and mortality is unlikely to be
explained only by an adverse risk proﬁle. Important
limitations are that our data did not include infor-
mation on important lifestyle factors such as smoking
habits, job strain, diet, level of physical activity,
compliance to secondary prevention medication, and
long-term sick leave or early retirement that are
related to both long-term outcomes and SES (22).
Therefore, household disposable income might, to an
unknown extent, be a proxy for these unregistered
lifestyle behaviors. The combined exposure to low
personal disposable income and low income level in
the neighborhood has additive effect on risk of
myocardial infarction (23). Also, there may be work-
related or psychosocial stress contributing to devel-
opment of the metabolic syndrome mediated via the
hypothalamic-pituitary-adrenal axis (24–26). Howev-
er, household disposable income could serve as a
useful surrogate for these characteristics since they
are often unknown or hard to quantify in the clinical
setting and usually not included in health care
registries.
Apart from patient risk proﬁle, SES-related dis-
parities in health also have been shown to involve
health care system factors. Previous studies have
linked SES to differences in access to and quality of
care (1,2,5–7). In countries without universal healthcare coverage, insurance status and SES are highly
correlated, which represents an important con-
founding factor (27). Despite this, most studies
demonstrating an association between SES and all-
cause mortality have been conducted in populations
without universal tax-ﬁnanced health care, leading to
inequities regarding access to health care depending
on SES. In the United States, insurance status has
been associated with the use of invasive cardiac
procedures (28) as well as in-hospital (27) and long-
term (29) mortality after CABG. This makes it hard
to determine whether SES-related differences in
clinical outcomes are solely a result of differences in
access to and quality of health care between different
SES categories.
In our study, all patients beneﬁted from universal
tax-ﬁnanced health care. It is conceivable that health
care for cardiac surgery patients from different in-
come groups is more similar in countries with uni-
versal tax-ﬁnanced health care compared to countries
with other health care systems. Furthermore, cardiac
surgery in Sweden was performed at a small number
of centers with similar standards of care and perfor-
mance. This is important because hospital selection
has been shown to be signiﬁcantly associated with
SES and mortality after CABG in the United States
(10). Our ﬁnding that household disposable income
was associated with mortality supports the concept
that the impact of SES on long-term outcomes cannot
solely be explained by disparities in health care
among different SES categories.
Very few studies have examined the association
between SES and mortality in patients after car-
diac surgery (4,9–11). These studies were small or
single-center reports and relied on area-level data
PERSPECTIVES
COMPETENCY IN SYSTEMS-BASED PRACTICE:
The correlations among SES, CVD, and mortality may
be partly explained by the inverse relationship be-
tween SES and prevalence of cardiovascular risk fac-
tors. Among patients undergoing cardiac surgery in
Sweden, household disposable income was inversely
associated with early and long-term mortality after
cardiac surgery, but not fully explained by differences
in risk or access to health care.
TRANSLATIONAL OUTLOOK: Further study is
necessary to understand the factors responsible for
the association between income and survival following
cardiac surgery and to develop effective secondary
prevention measures for low-income patients.
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long-term survival in lower SES categories (4,9), but
the results regarding early mortality were conﬂict-
ing (9–11). We found a progressive inverse associa-
tion between household disposable income and
early mortality, similar in magnitude to the associ-
ation found between household disposable income
and long-term mortality as well as long-term mor-
tality conditional on survival beyond 30 days. The
ﬁnding of increased early mortality after cardiac
surgery in patients with low household disposable
income could be explained by SES-related differences
or an adverse risk factor proﬁle, but we cannot rule
out the possibility that unmeasured or unknown
confounders inﬂuenced our results. Although these
ﬁndings suggest that perioperative and early post-
operative care does not assert a large impact on the
signiﬁcant relationship between income and survival,
this area requires further study.
STUDY STRENGTHS AND LIMITATIONS. The strengths of
our study included the large contemporary study
population and the complete and accurate follow-up
and survival ascertainment due to the high-quality
national Swedish registries. Furthermore, we used
an individual-level estimation of household dispos-
able income and the study was conducted in a pop-
ulation provided with universal tax-ﬁnanced health
care. However, there are several important limita-
tions of the study that need to be addressed. The
national registries utilized did not provide informa-
tion regarding all recognized cardiovascular behav-
ioral risk factors, such as smoking, diet, physical
activity, and compliance to prescribed medication.
Furthermore, we did not have information regarding
medication or health care during the follow-up
period. Guideline-directed medical therapy for sec-
ondary prevention has been shown to improve clin-
ical outcomes in patients with CVD (30) and it is
possible that optimal medical therapy is related to
SES. Indeed, a Swedish study showed that patients
with a higher income and a higher level of education
more often received a prescription of a statin
following an ischemic stroke compared with patients
with lower income and education (31). Although the
association between household disposable income
and mortality persisted after adjustment for a num-
ber of established cardiovascular risk factors and
other factors, the possibility remains that residual
confounding could have inﬂuenced the results. It
should also be noted that we calculated the house-
hold disposable income as the mean of all yearly
household disposable income ﬁgures registered
for each patient, and thus the mean income wasderived from many years in some patients and only
1 or a few years in others. It is possible that low
income might have arisen from poor health status
and severe heart disease. Because of inherent limi-
tations due to study design, we can only speculate
regarding underlying reasons for our ﬁndings and
explanatory mechanisms need to be investigated in
future studies.
CONCLUSIONS
Household disposable income was independently and
inversely associated with early and long-term mor-
tality after cardiac surgery. The association between
household disposable income and mortality persisted
after adjusting for cardiovascular risk factors. These
ﬁndings are of particular interest because the study
was conducted in a population that beneﬁted from
universal tax-ﬁnanced health care. Our results
demonstrate that the association between household
disposable income and mortality cannot fully be
explained by differences in risk proﬁle or access to
and quality of health care. Ways to better implement
secondary prevention measures should be explored
in low-income patient groups.
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